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(54) TiUe: MARINE ENGINE SILENCING APPARATUS AND METHOD 




(57) Abstract ' 

An apparatus and method for silencing marine engines. In one embodiment, a separation chamber (100) receives a fluid mixture (22) 
of exhaust gas (16) and liquid coolant (10) and a dynamic separation member (e.g., 106 or 1 16) separates the exhaust gas (16) from the 
liquid coolant (10). In one aspect of the invention, a horizontal axiaV-flow sileiicer includes a separation plate, having at least one dynamic 
separator, horizontally positioned in the separation chamber (100). A dam (130) maintains the free surface of the fluid mixture (22) at or 
sligih&ly above the separation plate at an engine speed vriihin nominal operating, range, and provides for the continuing passage of exhaust 
gas (16) through the liquid coolant (10). The separation plate employs inertial effects introduced by a series of vanes (107) that'deflect the 
gas-coolant mixture upstream to separate the coolant with a greater inertia from the exhaust gas (16) with a lesser inertia. Alternatively, 
the separation plate may consist of a mesh pad (116) that employs frictional effects to achieve a similar result. The separate exhaust gas 
(110) is passed through a resonator tube or tubes (150) to further attenuate the acoustic energy of the gas. 
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MARINE ENGINE SILENCINO APPARATUS ANn MITTW^^ 



Field Of Thg Inv^ntiftn 

The present invention generally relates to devices and methods for silencing marine 
S engines and, more particularly, to such devices and methods employing water cooling of the 
exhaust gas and a subsequent separation of the water from the gas. 

Background Of Th e Invention 
The present invention belongs to the general class of internal combustion engine exhaust 
10 silencers or mufflers that may be characterized as attempting to achieve a '"cold, wet/dry'* 

condition, as contrasted with "cold, wet" or "hot, dry" conditions, for extracting acoustic energy 
from exhaust gas. A "cold, wet/dry" condition is one in which a liquid coolant, typically water, 
first has been added to the exhaust gas of an engine, typically a marine engine, in order to reduce 
the temperature of the exhaust gas (the "cold, wet" stage), and then the water has been separated 
15 from the gas (the "dry" stage) in preparation for further reduction of the acoustic energy of the 
^ "dry" gas. The reduction in temperature is desirable for two reasons. First, the lower 

temperature reduces the acoustic velocity in the gas, thaj^is, the speed at which sound propagates 
through the gas. The lower the acoustic velocity, the smaller the chamber that may be used to 
achieve a given reduction in acoustic energy, or noise. Alternatively, greater noise reduction can 
20 be achieved in a given space. Second, as the exhaust gas cools, it becomes denser. Thus, the 
dynamic pressure of the gas passing through a tube of a given size is reduced, restilting in a 
reduction in the pressure drop through the tube, and, consequently, a smaller "back pressure" 
effect. Back pressure is undesirable because it may interfere with the efficient operation of the 
engine or may damage it. 
25 One undesirable attribute of cold, wet marine-exhaust silencers is that the reduction in 

back pressure achieved by water cooling, as just described, is offset as a consequence of the 
presence of water mixed with the gas. The denser net mass of the inhomogeneous water-gas 
mixture, as compared to a cold, wet/dry system in which the water has been removed, or as 
compared to a hot, dry system in which water was never added, results in an increase in back 
30 pressure. In order to avoid excessive back pressure, water-gas velocities in cold, wet exhaust 
^-:^'^Y^tems must be held to a range of 20 to 50 feet per second (fp$), or about 6 to 15 meters per 
secma. This velocity restriction places requirements on the sizes of pipes, which in some cases 
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effective than desirable. Moreover, whereas in a "dry" gas silencer, /.e., either a **hot, dry" or 
"cold, vyet/dry" silencer, the "dry gas" may be conducted to a remote discharge point using a 
routing of both upward and downward pitched piping, such routing is often impracticable in a 
"wet" silencer because of an unacceptably large increase in back pressure for upward pitches and 
for comers. Because the appropriate discharge of exhaust gas from the vessel may be an 
important safety and convenience consideration, the limitation on discharge-pipe routing 
imposed by mixed water and gas discharge can impose a serious design problem or constraint. 

In general, prior art marine-exhaust silencers have not optimally balanced the benefits of 
water cooling with the need to reduce back pressure while minimizing the size of the silencer. 
More specifically, some prior art marine-exhaust silencers attempt lo operate in a "cold, wet/dry" 
condition but fail to achieve sufficient separation of ihe water from the gas. Other designs 
improve on such separation at the expense of larger size and reduced flexibility of configuration. 

For example, U.S. Pat. No. 5,022,877 to Harbert and U.S. Pat. No. 4,019,456 to Harbert 
rely on gravitational effects and condensation to separate the exhaust gas from the water coolant, 
thus only partially achieving a **cold, wet/dry" condition. Greater separation using these means 
could be achieved, but at the expense of increasing the size of the silencer; /.e., by providing a 
larger free surface of the gas-water mixture through which the gas could rise, or at the expense of 
increased back pressure due to elaborate flow control. U.S. Pat. No. 4,91 7,640 to Miles employs 
such an approach by providing a more complex configuration of tubular separation chambers. 
Another approach, disclosed in U.S. Pat. No. 5,588,888 to Maghurious, is to agitate the wet 
mixture of exhaust gas and water in order to atomize the water droplets in the mixture and 
thereby incresise the absorption of acoustic energy by the water mass. This approach thus is a 
variation of a cold, wet design in that it relies upon reduction in the acoustic energy of the 
exhaust gas before it is fully separated from the water, thereby incurring the penalties associated 
with cold, wet systems already noted. 

Accordingly, an apparatus and method are needed that overcome the drawbacks of prior 
art marine-engine silencing devices and methods, in particular by achieving better separation of 
the exhaust gas from the liquid coolant prior to further reduction of the acoustic energy of the 
exhaust gas. 



• ••• 



I • • •< 



• ••• 



0-V>pcf>gqrtS769'IC.daC'4lS/10A>l 



-3 - 



Summary of the Invention 

In one aspect the invention provides a marine engine silencer for reducing the 
acoustic energy of a fluid mixture of marine engine exhaust gas and a Uquid coolant, 
including a separation chamber having an in-flow port for receiving the fluid mixture, a 
5 dry-gas out-flow port, a liquid-coolant out-flow port, and at least one dynamic separation 
member disposed within the separation chamber above the in-flow port, below the dry-gas 
out-flow port and above the liquid-coolant out-flow port, characterised by: 

the at least one dynamic separation member having an upper surface and a lower 
surface and at least one aperture between the upper and lower surfaces and wherein at least 
10 one vane is connected to the dynamic separation member adjacent the aperttne, the at least 
one vane having a transverse surface facing upstream at an acute angle above the upper 
surface so that fluid mixture passing through the at least one aperture will be deflected 
upstream. 

V 

In a further aspect of the invention, the separation plate may be horizontally 
1 5 positioned in the separation chamber below the out-flow port for the dry gas and above the 
out-flow port for the separated liquid coolant. A dam chamber may be connected to the 
separation chamber via the liquid coolant out-flow port in order to retain the fluid mixture 
in the separation chamber so that the acoustic velocity of the exhaust gas may be reduced 
by cooling and generally to maintain the free surface level of the fluid mixture at or 
20 slightly above the separation plate when the engine is operating at speeds that are in the 
generally lower range of operating speeds. At engine speeds that are in the generally 
higher range of operating speeds, the dam allows the free surface level of the fluid to drop 
in response to the increase of pressure in the separation chamber, thereby minimising 
further increase of back-pressure associated with the increased gas flow. 
25 The separation plate achieves inertial separation effects by directing the liquid 

coolant component of the fluid mixture, having a higher momentum than the gas 
component, in an upstream direction by vaned slots in the separation plate. Alternatively, 
or in addition, frictional effects may be employed by using a separation plate consisting at 
least in part of a mesh pad or other porous, but flow-impeding, medium for slowing the 
^^^J^Hquid coolant component and allowing the dry gas to rise into the region of the separation 

ber above the separation plate. 
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In one variant, the dry gas and the liquid coolant are recombined in an expulsion 
chamber that provides for further retention of the recombined fluid mixture and thus 
further cooling of the exhaust gas. The expulsion chamber may also include an outlet tube 
for taking up the recombined fluid mixture and expelling it from the expulsion chamber. 
5 The outlet tube may, in some aspects, include a relief hole for regulating back pressure and 
noise. In another variant, the expulsion chamber provides separate out-flow ports for the 
dry gas and liquid coolant so that they are not recombined. 

In a further elaboration of either variant, a resonator chamber, which may have 
perforations, may be added so that the dry gas flows from the upper portion of the 

1 0 separation chamber into the resonator chamber for reduction of the acoustic energy of the 
dry gas. The dry gas exits the resonator chamber into the expulsion chamber and then, in 
accordance with the foregoing, may be recombined with the liquid coolant for expulsion 
through a single tube or expelled through a separate expulsion tube. In yet a further 
variation, one or more resonator chambers may be disposed at an angle to the flow of dry 

15 gas to impart to it an angular momentum. The resulting spinning of the dry gas within the 
expulsion chamber, optionally supported by baffles for directing such flow or by curvature 
of the inner surface of the expulsion chamber itself, may allow centrifugal separation of 
liquid coolant remaining in the dry gas or removal of particulate matter. 

In one aspect, the marine engine silencer includes a separation chamber having an 

20 in-flow port for receiving the fluid mixture, a dry-gas out-flow port, a liquid-coolant out- 
flow port and at least one dynamic separation member disposed within the separation 
chamber. In one implementation, the dynamic separation member is disposed within the 
separation chamber above the in-flow port, below the dry-gas out-flow port and above the 
liquid-coplant out-flow port. The dynamic separation member in operation may be 

25 generally horizontally disposed. In another implementation, the dynamic separation 

member has an upper surface and a lower surface and one or more apertures between them. 
One or more vanes are connected to the dynamic separation member adjacent the 
apertures, the vanes each having a transverse surface facing upstream at an acute angle 
above the upper surface so that fluid mixture passing through the apertures will be 

30 deflected upstream. In yet another implementation, the dynamic separation member 
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includes one or more mesh pads. 

In another aspect, the silencer includes a dam chamber having a dam liquid-coolant 
in-flow port that is fluidly connected to the liquid-coolant out-flow port of the separation 
chamber. The dam chamber also has a dam liquid-coolant out-flow port. In one 
implementation, the dam 
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liquid-coolaat out-flow port is disposed at a position that substantially maintains the level of the 
fluid mixture in the separation chamber in proximity to the dynamic separation member at one 
operating speed of the marine engine. In another implementation, the size of the dam liquid- 
coolant in-flow port is selected so as to substantially maintain the level of the fluid mixture in the 
5 separation chamber in proximity to the dynamic separation member at one operating speed of the 
marine engine. 

The silencer may also include one or more resonator chambers, each having a resonator 
dry-gas in-flow port that is gaseously connected to the dry-gas out-flow port of the separation 
chamber, and each having a resonator dry-gas out-flow port for expelling dry gas. In one 
0 implementation, a resonator chamber has at least one wall having at least one opening in addition 
to the resonator dry-gas in-flow and out-flow ports. 

The silencer may also include an expulsion chamber having a dry-gas in-flow port that is 
gaseously connected to the dry-gas out-flow port of the separation chzunber, a liquid-coolant in- 
flow port that is fluidly connected to the liquid-coolant out-flow port of the dam chamber, and an 
5 expulsion port through which the dry gas) and liquid coolant are expelled. In one 

implementation, the gaseous connection between the dry-gas in-flow port of the expulsion 
chamber and the dry-gas out-flow port of the separation chamber includes one or more resonator 
chambers. In one aspect of such implementation, at least one resonator chamber is oriented at an 
angle traverse to the flow of dry gas into the resonator dry-gas in-flow port to impart an angular 
20 momentum to the dry gas as it exits the resonator dry-gas out-flow port. Also, one or more 

baffles may be disposed within, and fixedly connected to, the expulsion chamber to reduce loss 
of angular momentum of the dry gas as it swirls within the expulsion chamber. 

In one aspect, the silencer includes an expulsion chamber having a dry-gas in-flow port 
gaseously connected to the dry-gas out-flow port of the separation chamber, a liquid-coolant in- 
25 flow port fluidly connected to the liquid-coolant out-flow port of the dam chamber, a dry gas 
expulsion port gaseously cormected to the dry-gas in-flow port of tiic expulsion chamber, and a 
liquid-coolant expulsion port fluidly connected to the liquid-coolant in-flow port of the expulsion 
chamber. In one implementation of such aspect, the gaseous connection between the drj'-gas in- 
flow port of the expulsion chamber and the dry-gas out-flow port of the separation chamber 
30 includes at least one resonator chamber. 
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In a lurther aspect, the invention is a method for silencing marine engines, 
comprising the steps of receiving a fluid mixture in a separation chamber, the mixture 
thereby attaining a free surface level in the separation chamber, such method being 
characterised by imposing a dynamic separation member in the separation chamber to 
5 separate the fluid mixture into dry gas and liquid coolant. In one implementation, such 
method also includes regulating the free surface level of the fluid mixture. 

The invention, in another aspect, provides a method for silencing marine engines, 
comprising the steps of receiving a fluid mixture in a separation chamber having an in- 
flow port for receiving the fluid mixture, the mixture thereby attaining a free surface level 
1 0 in the separation chamber, characterised by : 

' imposing at least one dynamic separation member in the separation chamber to 
separate the fluid mixture into dry gas and liquid coolant, wherein the at least one dynamic 
separation member has an upper surface and a lower surface and at least one aperture 
between the upper and lower surfaces and wherein at least one vane is connected to the 
15 dynamic separation member adjacent the aperture, the at least one vane having a transverse 
surface facing upstream at an acute angle above the upper surface so that fluid mixture 
passing through the at least one aperture will be deflected upstream; and 

introducing the fluid mixture below the dynamic separation member as the fluid 
mixture is received into the separation chamber through the in-flow port. 
20 The invention also provides a method for silencing marine engines by reducing the 

acoustic energy of marine engine exhaust gas, comprising the steps of mixing the exhaust 
gas with a liquid coolant, receiving the fluid mixture in a separation chamber having an in- 
flow port for receiving the fluid mixture, the mixture thereby attaining a free surface level 
in the separation chamber, characterised by: 
25 imposing at least one dynamic separation member roughly adjacent the free surface 

level, wherein the at least one dynamic separation member has an upper surface and a 
lower surface and at least one aperture between the upper and lower surfaces, and wherein 
at least one vane is connected to the dynamic separation member adjacent the aperture, the 
at least one vane having a transverse surface facing upstream at an acute angle above the 
upper surface so that fluid mixture passing through the at least one aperture will be 
^"S^ deflected upstream; and 
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introducing the fluid mixture below the dynamic separation member as the fluid 
mixture is received into the separation chamber through the ui-flow port. 

In yet another aspect, the invention provides a method for making a marine engine 
silencer including constructing, in a silencer body, a separation chamber having an in-flow 
5 port for receiving a fluid mixture of marine engine exhaust gas and a liquid coolant, a dry- 
gas out-flow port, a liquid-coolant out-flow port and at least one dynamic separation 
member within the separation chamber above the in-flow port, below the dry-gas out-flow 
port and above the liquid-coolant out-flow port, characterised by: 

constructing the at least one dynamic separation member to have an upper surface 
1 0 and a lower surface, at least one aperture between the upper and lower surfaces and at least 
one vane, wherein the vane is disposed adjacent to the aperture, the at least one vane 
having a transverse surface facing upstream at an acute angle above the upper surface so 
that fluid mixture passing through the at least one aperture will be deflected upstream. 

The dynamic separation member may be a separate member affixed inside the 
15 separation chamber, or it may be constructed as an integral part of the separation chamber. 
In one implementation, the dynamic separation chamber is constructed to be situated 
roughly adjacent the free surface level. In a further implementation, the method also 
includes the steps of making a chamber for receiving exhaust gas and a liquid coolant and 
mixing them, and providing a conduit or port for conveying the fluid mixture to the 
20 separation chamber. 

Brief Description of the Drawings 

The objects, features and advantages of this invention will be more clearly 
appreciated from the following detailed description when taken in conjunction with the 
25 accompanying drawings, in which: 

Fig. 1 is a schematic representation of one aspect of the invention disposed within a 
marine vessel for wet-dry-dry applications. 
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Fig. 2 is a schematic representation of one aspect of the invention disposed within a 
marine vessel for wet-dry-wet applications. 

Fig. 3 is a cross-sectional side view of one aspect of the invention for wet-dry-wet 
applications operating at relatively low engine speeds. 
5 Fig. 4 is an isometric cutaway of the aspect of Fig. 3. 

Fig. 5 is an isometric view of one aspect of a dynamic separation plate with deflecting 

vanes. 

Fig. 6A is a cross sectional side view of one aspect of a dynamic separation plate having a 
mesh pad; 

0 Fig. 6B is a cross sectional side view of one aspect of a dynamic separation plate having 

an angled mesh pad; 

Fig. 6C is a cross sectional side view of one aspect of a dynamic separation plate having 
vanes and a mesh pad; 

Fig. 7 is a partial cut-away, isometric view of the separation plate of Fig. 6C; 
15 Fig. 8 is a partial cut-away, isometric view of the separation and expulsion chambers 

showing one aspect of a resonator tube;. 

Fig. 9 is a top cross-sectional view of a resonator tube and dry gas exhaust tube in a 
centrifugal configuration; 

Fig. 10 is a cross-sectional side view of the resonator tube and dry gas exhaust tube of 

20 Fig. 9. 

Fig. 1 1 is an isometric view of the resonator tube and dry gas exhaust tube of Figs. 9 

and 10. 

Fig. 12 is a cross-sectional side view of one aspect of the invention for wet-dry-dry 
applications operating at relatively low engine speeds. 
25 Fig. 1 3 is cross-sectional side view of one aspect of the invention for wet-dry-dry 

applications operating at relatively high engine speeds. 

Fig. 14 is a cut-away isometric view of a known silencer using a pgissive separation plate. 

Detailed Description 

30 . The detailed description below should be read in conjunction with the accompanying 

figures in which like reference numerals indicate like structures and method steps. The examples 
included in the description are intended merely to be illustrative. The apparatus and method 



( 

described are intended to be applicable to marine engine silencing systems such as might be used 
for quieting the engines of marine vessels or for quieting marine generators. The need for more 
effective marine engine silencers is broadly based. Pleasure and conunercial craft operating on 
rivers, lakes, and near sea shores are a possible source of noise irritation to neighbors and other 

5 boaters; boat owners and users often desire the quietest possible environment for enjoying their 
avocation or pursuing their work; and marine generators may run for extended periods of time in 
proximity to workers or residents. 

As already noted, the "cold, wet/dry" approach to marine engine noise attenuation offers 
superior results in terms of quieting, reducing the negative effects of back pressure on engine 

10 operation^ and allowing compact and flexible silencer designs. The present invention employs a 
novel means of separating liquid coolant, typically water, from the exhaust gas to further realize 
these desired results beyond the achievements of the prior art. In one illustrative aspect of the 
invention, the "dry gas'^ resulting from the separation process may be accelerated to velocities as 
high as approximately 80 to 100 feet per second, or about 24 to 30 meters per second without 

15 creating excessive back pressure. Such high velocities allow the silencer to be significantly 
smaller than fully wet systems of similar silencing effeetiveness. It will be understood that the 
temi "dry gas" is used in this context throughout to refe^Jo the separation product that is 
predominantiy, but not purely, exhaust gas. Complete separation generally is not practicable and 
it is to be anticipated that some liquid coolant will remain in the dry gas flow through discharge. 

20 Thus, the term "dry gas" should be imderstood to mean "consisting predominantiy of exhaust 
gas," and references to "liquid coolant" as the product of the separation process should be 
understood to mean "consisting predominantly of liquid coolant," as some exhaust gas typically 
will remain. 

The invention will now be described in greater detail in reference to the exemplary 
25 implementations of horizontal, axial-flow silencers that are described in reference to Figs. 1-13 
in alternative configurations. In one configuration, the dry gas and the liquid coolant are 
discharged separately from the silencer in what may be referred to as a "wet-dry-dry" 
configuration, indicating that the exhaust gas is first wetted by mixing it with the liquid coolant, 
then dried by the separation means discussed below, and then expelled from the silencer in a 
30 "dry" condition. This configuration is represented in Fig. 1 , in which liquid coolant 10, typically 
obtained from the water in which vessel 12 is situated, is moved through a tube 14 for mixing 

gas 16 exhausted by engine 18 through the exhaust manifold 20. In Fig. I , the 
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source of liquid coolant 10 is shown as engine raw water coolant; i.e., water in which vessel 12 is 
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situated that is used for cooling the engine, either directly or through a heat exchanger. It will be 
understood that liquid coolant 10 may also be obtained directly from the water in which the 
vessel is situated; /.c, without such water being used in the cooling of the engine. In any case, 
the resulting fluid mixture of cooled exhaust gas and liquid coolant (hereafter simply "fluid 
• 5 mixture") 22 moves through tube 24 to inlet 26 of horizontal, axial-flow silencer 30. The fluid 
mixture 22 is separated into dry gas and liquid coolant, and acoustic energy is removed from the 
dry gas and liquid coolant in the silencer, as described below. Dry gas 110 is then discharged 
from silencer 30 through exhaust tube 34, out exhaust port 36, and to the environment outside of 
vessel 12. Liquid coolant 112 is separately discharged through coolant discharge tube 38, out 

10 coolant outlet port 40, to the external environment. Either discharge tube 38, or exhaust tube 34, 
or both, may be located so that liquid coolant 112 or dry gas 110, respectively, is discharged 
below the water line instead, of above the water line. Discharge tube 38' and exhaust tube 34' are 
shown in shadow to indicate one such configuration in which coolant outlet port 40* and exhaust 
port 36' are located below the water line. 

15 In some cases, however, such as in retrofitting an existing vessel as contrasted with new 

boat construction, the configuration described above with respect to Fig. 1 may be undesirable 
because of the need to provide separate exhaust and coolant outlet ports 36 and 40, respectively, 
and the associated tubing. An alternative design is; thus to recombine the dry gas and the liqiiid 
coolant after acoustic energy has been extracted from the dry gas and liquid coolant, and to expel 

20 the re-combined exhaust gas and liquid coolant through a single exhaust port. This arrangement, 
referred to as a "wet-dry-wet" configuration, is shown in Fig. 2, in which all elements are the 
same £is just described with respect to Fig. 1, except that, in place of exhaust tubes 34 and 38, a 
single exhaust tube 42 is provided to expel the re-combined dry gas and liquid coolant through 
exhaust port 44. An alternative configuration is shown in shadow in which exhaust tube 42' is 

25 directed so that exhaust port 44' is situated below the water line. 

The horizontal axial-flow silencer 30, in both the wet-dry-dry configuration of Fig. 1, and 
the wet-dfy-wet configuration of Fig. 2, will now be described with reference to Figs. 3-13. The 
configuration of the horizontal axial-flow silencer represented in Fig. 3 is the wet-dry-wct 
configuration operating at relatively low engine speeds. This wet-dry-wet configuration is also 

30 shown in an isometric, cutaway view in Fig. 4, although Fig. 4 is not specific as to the engine 
speed and thus is equally applicable to a wet-dry-wet configuration at relatively high engine 
speed, such as shown in Fig. 12. In Figs. 3 and 4, fluid mixture 22 enters tlirough inlet 26 to 
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separatioa chamber 100. Fluid mixture 22 is deflected toward the lower portion 103 of 
separation chamber 100 under separation plate 106 by a baffle 102 oriented at axi obtuse angle to 
the flow of fluid mixture 22. The invention thereby advantageously provides for pushing fluid 
mixture 22 into the highly wetted portion of separation chamber 100 below free surface 109 of 

5 fluid mixture 22. At relatively low engine speeds in which the velocity of fluid mixture 22 is 
relatively low, for example roughly in the range of 8 to 30 fps, or about 2.5 to 9 meters per 
second, bubbles 104 may form in the fluid mixture, as shown in Fig. 3. These bubbles cause 
greater reflection of acoustic energy back to the engine, thus improving the noise reduction. The 
reason for this reflection is that the acoustic energy contained in each gas bubble must traverse 

10 the surrounding water that, having a higher density than the gas, reflects a large fraction of the 
acoustic energy back toward the source, i.e., the engine. The bubbles also increase opportunities 
for inertial-fiictional separation when fluid mixture 22 comes in contact with separatiori plate 
106, as described below. As noted below in relation to Fig. 13, such bubbles may not fomi at 
higher engine speeds. Rather, the mixture of exhaust gas and liquid coolant may form a slurry. 

15 In the configuration represented in Figs. 3 and 4, separation plate 106 has a series of 

alternating apertures 108 and vanes 107, as shown in detail in Fig. 5. Vanes 107 are oriented in a 
direction generally counter to the flow of fluid mixture 22 through inlet 26, and the vanes extend 
above and below the plane of separation plate 106 at an acute angle to such flow. Vanes 107 
thereby direct the flow of fluid mixture 22 upward, through apertures 108, and away from dry- 

20 gas out-flow port 114. Free surface 109 of fluid mixture 22 reaches a level, by operation of dam 
chamber 130 described below, that typically may be at or slightly above separation plate 106, 
although, as noted below in relation to Fig. 13, such level may vary according to engine speed 
and other factors. 

Inertial separation is achieved when liquid coolant component 112, having a greater 
25 inertia than the lower density dry gas component 110, is engaged by vanes 107, deflected by the 
vanes upward through apertures 108 and away from dry-gas out-flow port 114, and then falls 
back due to gravity through apertures 108 and into lower portion 103 of separation chamber 100. 
Lower end 99 of baffle 102 may advantageously extend below the plane of separation plate 106 
and be spaced therefroni to facilitate the re-introduction of liquid coolant component 112 into the 
30 lower portion 103 of separation chamber 100. In contrast to this recirculation of the liquid 
pa9glant component 112 as just described, dry gas component 110 similarly is deflected upward 
and ay/ay from the dry-gas out-flow port 114, but largely remains in upper portion 101 of 





AMENDED SHEET 



* 



wo 99/0.7983 PCTAJS98/16270 

-11- 

separation chamber 100, /.e., the portion above separation plate 106, due to the low density of 
dry gas component 110. Also because of its low density and therefore lower inertia as compared 
to liquid coolant component'112, dry gas component 110 readily changes flow direction in upper 
portion 101 rather than falling through apertiu-es 108 in separation plate 106, and is pushed out 

5 dry-gas out-flow port 1 14 in wall 122 at the downstream end of upper portion 101 of separation 
chamber 100 and into resonator tube 150. It will be understood that the number and shap>e of 
vanes 107, their alignment with respect to the flow of fluid mixture 22, their angle with respect to 
the surface of separation plate 106, the distance to which they extend above or below the 
separation plate, their shape or curvature above or below the separation plate, and their 

10 placement on the separation plate, may all be varied to optimize the described effect with respect 
to different geometries of separation chamber 100, the anticipated range and nominal operation 
of engine speed, and other factors. Similarly, it will be understood that the number, shape, and 
arrangement of apertures 108 may be varied. 

Alternatively, in another embodiment of separation plate 106 of the invention, apertures 

15 108 and vanes 107 may be reduced or eliminated and a portion or all of separation plate 106 may 
consist of a mesh pad 1 1 6 or similar network of passageways or holes 118 through which fluid 
mixture 22 may pass. Mesh pad 1 16 may be a fibrous structure made of metal wire, plastic, or 
other suitable material, or may be made of other types of porous material such as a cast porous 
plastic. Some embodimetits of separation plate 106 including a mesh pad 116 are shown in Figs. 

20 6A, 6B, 6C, and 7. Fig. 6A shows separation plate 106 consisting entirely of mesh pad 1 16 
disposed generally horizontally in separation chamber 100, with baffle 102 disposed to direct 
fluid mixture 22 toward lower portion 103 of the separation chamber, as described above. Fig. 
6B again shows separation plate 106 consisting entirely of mesh pad 116, but now disposed at an 
acute angle to the flow of fluid mixture 22 into separation chamber 100. As indicated in Fig. 6B, 

25 baffle 102 may be eliminated in some configurations. Fig. 6C shows a combination of a 

separation plate employing vanes together with a mesh pad that is disposed above the separation 
plate at an acute angle as in Fig. 63. Fig. 7 shows the configuration of Fig. 6C in an isometric 
view with partial cut-away of separation chamber 100, expulsion chamber 170, and mesh pad 
116. 

30 In the embodiments illustrated in Figs.6A, 6B, 6C, and 7, the frictional effects introduced 

by the contact of fluid mixture 22 with mesh pad 116 disproportionately retard the flow of the 
denser, more viscous, liquid coolant component 112 of fluid mixture 22 as compared with the 
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flow of dry gas component 110. Dry gas component 110 thus rises through holes 118 into upper 
portion 101 of separation chamber 100 and thence through dry-gas out-flow port 114 into 
resonator tube 150. - 

In each of the preceding variations of separation plate 106 with vanes and apertures, mesh 

5 pad, or both, separation plate 106 will thus be understood lo separate dry gas 110 from liquid 
coolant 112 by inertial or frictional effects, or both (hereafter, "dynamic separation" effects). 
Thus, all such variations of separation plate 106, and equivalents thereto, may be referred to 
herein as constituting a ^'dynamic separation" member and will be understood to include, or 
consist in part or entirely of, a "dynamic separator" element such as a vane and aperture, or mesh 

10 pad, that imposes a dynamic separation effect. To be contrasted are prior art designs that may 
simply provide a perforated baffle or similar element near the free-surface level of the fluid 
mixture to enhance gravitational, or "passive-restraining." separation effects. For example, the 
prior art design of Fig. 14 shows a perforated baffle 306 situated between a lower bubble 
chamber 303 and an upper dry gas chamber 301. Perforated baffle 306 may be referred to as a 

15 "passive-restraining separation" member because it relies primarily on gravity to separate dry gas 
110 from liquid coolant 112. Specifically, perforated baffle 306 acts as a blanket to reduce 
vertical splashing and spray of fluid mixture 22; i.e., from lower bubble chamber 303 to upper 
dry gas chamber 301. Perforated baffle 306 thus acts simply to enhance gravitational separation 
of the heavier liquid coolant 112 from the lighter dry gas 110. Although some of liquid coolant 

20 112 or fluid mixture 22, as well as dry gas 1 10, may pass upward through perforated baffle 306, 
the separation effect above perforated baffle 306 is similar to what would have been the case if 
there had been no baffle; i.e., the heavier liquid component tends toward the lower chamber and 
the gas component tends toward the upper charnber. Thus, the vertical alignment of the lower 
and upper chambers of such prior art devices is an integral component. Also shown in Fig. 14, 

25 although not pertinent to the present description of the prior art device's passive-restraining 
separation, are housing 300, attachment flange 308. resonator tubes 305, dry gas exhaust tube 
334, liquid coolant discharge tube 338, secondary liquid coolant discharge tube 339, fluid- 
mixture inlet tube 324, and baffle 302. 

In contrast to the prior art device of Fig. 14, the present invention may assume either a 

30 generally horizontal configuration as shown in Figs. 1-13, or a generally vertical configuration 
(not shown) in which, for example, the expulsion chamber, with or without resonator tube, is 
located above the separation chamber for expulsion of dry gas and a lower expulsion tube is 



wo 99/07983 PCTAJS98/16270 

■ • -13- 

provided for expulsion of liquid coolant. Because of the design^ size, and placement of marine 
engines and engine compartments, a generally horizontal silencer design, such as allowed by the 
present invention, may be advantageous. 

Returning to the present invention as embodied in Figs. 1-13, liquid coolant 112, having 

5 been separated from dry gas 110 by separation plate 106 in one of the variants of vanes and 
apertures, or mesh pad, or both, passes through liquid-coolant out-flow port 120 in downstream 
wall 122 of bottom portion 103 of separation chamber 100, and thence through dam liquid- 
coolant in-flow port 134 into dam chamber 130. As shown in Fig. 3, hquid coolant 112 then 
flows over the top of downstream dam wall 132 and into expulsion chamber 170, 

10 As also shown in Fig. 3, dry gas 110 enters resonator tube 150 through dry-gas out-flow 

port 114, which is directly connected to, and may be co-extensive with, dry-gas in-flow port 151 
of resonator tube 150. Resonator tube 150 is also illustrated in Fig. 8, where it is shown that it 
may advantageously be a cylinder having a circular cross section of diameter 159. It will be 
understood that resonator tube ISO need not have such a shape, but could, for example, be a 

15 generally hollow body having as a cross section at any point along the longitudinal axis thereof 
any onCi or a combination, of shapes of constant or varying size. As shown in Figs. 4, 7 and 8 of 
this illustrative embodiment, dry-gas out-flow port 114 is a circular opening with a diameter 
equal to diameter 159 of resonator chamber 150 and to the diameter of dry-gas in-flow port 151. 
It will be understood, however, that the diameters of dry-gas in-flow port 151, resonator tube 

20 150, and dry-gas out-flow port 114 may be different, and either or both ports may be shapes 
other than circular. Acoustic energy is partially excluded from dry gas 110 as ii passes through 
resonator tube 150 in accordance with wave effects well known to those skilled in designing 
silencers employing; such devices. Resonator tube 150 may also include perforations 155, as 
shown in Fig. 8, the effects and advantages of which are also well known to those skilled in such 

25 art. 

Diameter 159 of resonator tube 150 may be made relatively snriall in this cold, wet/dry 
design as compared to the diameter that would be required in a cold, wet design of comparable 
silencing capability because of the smaller back pressure created by dry gas as compared to wet 
gas. The relatively smaller diameter 159 is directly related to the effectiveness of resonator tube 
30 150 in reducing the amount of acouistic energy transported through it. Length 152 of resonator 
tube 150, as shown in Fig. 3, is determined based on a number of factors including the 
anticipated range and nominal values of engine speed and dry gas velocity, the tolerance levels 
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for back pressure, the number and placement of perforations 155 in resonator tube ISO, and the 
amount of quieting desired. As is also well known to those skilled in the art, the length of 
resonator tube 150 may be varied to **tune" the tube with respect to the frequencies of acoustic 
energy expected to be present in the dry gas as determined by such factors as engine si2;e and 
speed. 

As shown in Fig. 3, dry gas 110 exits through dry-gas out-flow port 153 in the 
downstream end 154 of resonator tube 150 and passes into the expulsion chamber 170. It will be 
understood that, in other embodiments, there may be more than one resonator tube employed. It 
will further be understood that such tube or tubes may be arranged to spin dry gas 1 10 so that 
centrifugal separation effects are achieved. 

An exemplary design of a single resonator tube in such a centrifugal arrangement is 
shown in Figs. 9-11 for a wet-dry-dry configuration such as shown in Fig. I . As shown in Figs. 
9-11, resonator tube 150 is disposed at an angle with respect to the longitudinal axis of the 
silencer so as to impart an angular momentum to dry gas 110 as it circulates within expulsion 
chamber 170. To maintain the resulting swirling motion within expulsion chamber 170, a 
deflection baffle such as hemispherical bell 171 may be positioned at the downstream end of the 
chamber and a similar baffle such as hemispherical bell 172 may be positioned at the upstream 
end. It will be understood that such baffles may assume any shape that will smooth the flow of 
dry gas 110 around tlie corners of expulsion chamber 170, or such baffles may be omitted. Also, 
expulsion chamber 170 may itself consist of a sphere or be of generally spherical shape, or 
another shape conducive to maintaining a swirling motion of dry gas 110 within it. As shown in 
Figs. 10 and 1 1 , dry-gas expulsion port 182 is situated within expulsion chamber 1 70 at a height 

■ 

in. such chamber that may advantageously, but need nol be, somewhat below the height at which 
dry gas 110 is introduced into such chamber through resonator tube ISO. As previously noted, 
dry gas 110 as it enters the expulsion chamber through the resonator tube contains residual 
amounts of liquid coolant 112 because complete separation in separation chamber 100 is not 
practicable. As indicated in Fig. 9, the angular momentum imparted to dry gas 1 10 by the 
orientation of resonator tube 150 causes residual liquid coolant 112, having greater inertia than 
the exhaust gas component of dry gas 110, to spin to the surfaces of expulsion chamber 170, or 
to bells 171 or 172, where liquid coolant 112 will tend to collect, condense, and fall by force of 
gravity toward the bottom of expulsion chamber 170. This residual liquid coolant 112 then exits 
expulsion chamber 170 near the bottom thereof through liquid-coolant expulsion port 184 and 



wo 99/07983 PCT/US98/I6270 

-15- 

thence through coolant discharge tube 38. Similarly, any particulate matter retained within dry 
gas 110, also having a greater inertia than the dry gas, will tend to spin outward and then fall to 
the bottom of expulsion chamber 170. Dry gas 110, having a smaller inertia than residual liquid 
coolant 112, will tend toward the inner region of expulsion chamber 170 where it will exit 
5 through dry-gas expulsion port 182 and thence through exhaust tube 34, as shown in Figs. 1 , 9, 
and 10. 

As has been noted witli respect to Figs. 1 and 2, dry gas 110 and liquid coolant 112 may 
exit expulsion chamber 170 either separately or together. In the embodiment illustrated in Fig. 3, 
liquid coolant 112 and dry gas 110 recombine near the bottom of expulsion chamber 170 and 

10 enter outlet tube 174. The recombined fluid mixture 22 may be ejected through outlet tube 174 
by action of the "waterlift" principle that is well known to those skilled in the art of designing 
marine-exhaust silencers and gas-water separators. Oudet tube 174 may be joined to exhaust 
tube 42 near expulsion port 178 of expulsion chamber 170, so that fluid mixture 22 may be 
expelled to the external environment through exhaust tube 42 and exhaust port 44. A relief hole 

] 5 180 may be provided in outlet tube 1 74 to control back pressure and also to regulate noise at low 
engine speeds. 

Fig. 12 represents the alternative discharge from the expulsion chamber of dry gas 110 
and liquid coolant 112 separately. All of the aspects of the embodiment of Fig. 3 are applicable 
to Fig. 12 until dry gas 110 and liquid coolant 112 enter expulsion chamber 170. Rather than 

20 being recombined and expelled through common outlet tube 174 as in Fig. 3, the dry gas in the 
embodiment represented by Fig. 12 is expelled through dry-gas expulsion port 182 of expulsion 
chamber 170 and thence through exhaust tube 34 and exhaust port 36 to the external 
environment. Similarly, liquid coolant 112 is separately expelled through liquid-coolant 
expulsion port 184 of expulsion chamber 170 and thence through coolant discharge tube 38 and 

25 coolant outlet port 40 to the external environment. As previously noted, the separate exhausting 
of dry gas 110 and expulsion of Uquid coolant 112 allow for greater quieting as compared to the 
configuration of Fig. 3 because the noise due to the forceful expulsion of the coolant mixed with 
the gas is avoided. In addition, dry gas 1 10 may be discharged at a higher velocity than a 
combination of dry gas and liquid coolant without incurring the penalty of increased back 

30 pressure, as noted above. Also, higher velocity allows the use of a smaller pipe for a 

predetermined flow rate, and smaller pipes generally transmit less noise than larger pipes. Other 
advantages of providing a separate exhaust for the cooled, dry gas include the ability to route 
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exhaust tube 34 in many directions in addition to that illustrated in Fig. 1, for example, to remote 
locations such as the top of a liiast, or to the bow, as well as to the stem as shown in Fig. 1 . In 
any such configuration, exhaust tube 34 may have a small diameter, travel and turn in any 
direction including up against gravity, and may have little or no thermal insulation. Employing 
5 longer routing for exhaust tube 34 may have the further benefit of allowing additional fallout of 
particulate matter from dry gas 110, thus resulting in cleaner effluent at more remote locations of 
exhaust port 36. 

Whether in the wet-dry-wet configuration of Fig. 3 or the wet-dry-dry configuration of 
Fig. 12, it will be understood that many variations of the geometry of expulsion chamber 170 are 
10 possible. It will further be understood that it is also possible to have no expulsion chamber so 
that dry gas 110 exiting resonator cube 150, or exiting directly through dry-gas exhaust port 114 
of separation chamber 100 if no resonator tube is employed, is combined with liquid coolant 112 
exiting dam chamber 130 in outlet tube 174. Moreover, outlet tube 174 may also be omitted^ so 

* • 

that the recombined fluid mixture 22 exits directly out exhaust tube 42 and thence to the external 
15 environment through exhaust port 44. Similarly, dry gas 110 and liquid coolant 112 may be 
. " expelled separately without an expulsion chamber. TfuB result may be accomplished as to the 
dry gas by directly connecting dry-gas out-flow port lS34n the downstream end 154 of resonator 
tube ISO to exhaust mbe 34, or, if there is no resonator tube, by directly connecting dry-gas 
exhaust port 114 of separation chamber 100 to exhaust tube 34. As to the separate expulsion of 
20 liquid coolant 112 without an expulsion chamber, liquid coolant 112 exiting dam chamber 130 
may be directly connected to coolant discharge tube 38. 

As previously noted, engine speed typically will have an effect on the operation of the 
silencer. Fig. 13 represents the same wet-dry-dry configuration as that described above in 
relation to Fig. 12, except that the engine is assvuned to be operating at a higher speed than in 
25 Fig. 12, such that the velocity of fluid mixture 22 into separation chamber 100 is roughly in the 
range of 30 to 110 fps, or about 9 to 33 meters per second. The consequence of such higher 
engine speed is that the rate of flow of dry gas 110 in upper portion 101 of separation chamber 
100 increases, thus increasing the pressure in upper portion 101. This increased pressiire forces 
free surface 109 of fluid mixture 22 down and away from separator plate 106, such drop in free 
30 surface 109 being accommodated by the flow of fluid mixture 22 through liquid-coolant out-flow 
120 and into dam chamber 130. The amount by which free surface 109 drops in response to 
ii|:reased pressure may be regulated by the height 131 of dam wall 132 on the downstream 
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width 133 of dam chamber 130, by the size of liquid coolant out-flow port 120, or by any 
combination thereof. Also, as noted above, the fluid dynamics in the portion of separation 
chamber 100 below separator plate 106 may change at higher engine speeds so that bubbles 104 
in Fig. 12 are not as likely to form and thus are not shown in Fig. 13. The lack of bubbles and 
5 greater flow rate at the higher engine speeds generally reduces the amount of thermal and 

acoustic energy transferred from the exhaust gas to the liquid coolant component of fluid mixture 
22 in lower portion 103 of separation chamber 100. Nonetheless, the cooling action of the liquid 
coolant component of fluid mixture 22 on the exhaust gas component during the retention of 
fluid mixture 22 in separation chamber 100 may typically result in a lowering of the acoustic 
10 velocity in the exhaust gas component by approximately 50 percent from its pre-cooling value. 

Notwithstanding the lowering of free surface 109 below the separation plate 106 at the 
higher engine speeds depicted in Fig. 13, the more extreme agitation of fluid mixture 22 in 
separation chamber 100 at such speeds results in some of such mixture, for example as spray or 
bubbles above the free surface, flowing through separation plate 106 and thus undergoing ineitial 
15 or frictional separation, or both, as described with respect to Fig. 3. Such separation may also 
occur with respect to liquid coolant 112, having once been separated from fluid mixture 22 by 
the inertia) effects described above, again flowing through separation plate 106 resulting in 
further extraction of dry gas 110. Although the preceding description of the effects of engine 
speed pertained to the wet-dry-dry configuration of Figs. 12 and 13, such effects are equally 
20 applicable to a wet-dry-wet configuration, such as shown in Fig. 3. 

Having now described some embodiments of the invention, it should be apparent to those 
skilled in the art that the foregoing embodiments are illustrative only and not limiting, having 
-been presented by way of example only. Numerous other embodiments and modifications 
thereof are contemplated as falling within the scope of the present invention as defmed by the 
25 appended claims and equivalents thereto. By way of example and not limitation, the size, shape, 
and number of chambers may be changed so that, for instance, in one variation the separation 
chamber 100 is enlarged to allow greater inerlial-frictional effects of separation and to allow a 
greater volume and surface area for the accumulation of the fluid mixture 22 entering the silencer 
through inlet 26. Also, additional chambers (not shown) may be added after separation chamber 
30 100, such chambers being connected for transporting dry gas 110 or liquid coolant 112 through 
openings in their adjoining walls, or by a series of connectors, or both. Such additional chambers 
may be Configured either in-line or otherwise, horizontally or otherwise, to provide additional 
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opportunities for further extracting liquid coolant 112 and acoustic energy from dry gas 
110. The height of the dam chamber, or placement of an out-flow port in a capped dam 
chamber, may be varied to achieve the desired silencing effect of passing the exhaust gas 
through the liquid coolant, or of achieving the desired inertial and/or frictional separation 
5 effects by positioning the free surface of the fluid mixture 22 to engage separation plate 
106 at any specified engine speed. The size, shape, or placement of resonator tube 150 
employed to extract acoustic energy from the dry gas may be varied; supplemental 
resonator tubes, with or without perforations, may be added; or centrifugal effects may be 
introduced by imparting to the dry gas angular momentum by the use of connectors, 

1 0 baffles, or other means either before or after the resonator tubes. Expulsion chamber 170 
may be varied in size, shape, or placement; and various means for expelling the dry gas 
and liquid coolant, or the re-combined fluid mixture, may be employed. 

The reference to any prior art in this specification is not, and should not be taken 
as, an acknowledgment or any form of suggestion that that prior art forms part of the 

1 5 common general knowledge in Australia. 

Throughout this specification and the claims which follow, unless the context 
requires otherwise, the word "comprise", and variations such as "comprises" and 
"comprising", will be understood to imply the inclusion of a stated integer or step or group 
of integers or steps but not the exclusion of any other integer or step or group of integers or 

20 steps. 

The reference numerals in the following claims do not in any way limit the scope of 
the respective claims. 




Q:tepcf^cp\BW97c doe<4W/IW»l 



- 19- 



THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOW: 



1 . A marine engine silencer for reducing the acoustic energy of a fluid mixture 
(22) of marine engine exhaust gas (16) and a liquid coolant (10), including a separation 

5 chamber (100) having an in-flow port (26, 99) for receiving the fluid mixture .(22), a dry- 
gas out-flow port (114), a liquid-coolant out-flow port (120), and at least one dynamic 
separation member (e.g. 1 06) disposed within the separation chamber above the in-flow 
port (25, 99), below the dry-gas out-flow port (114) and above the liquid-coolant out-flow 
port (120), characterised by: 

10 the at least one dynamic separation member having an upper surface and a lower 

surface and at least one aperture (108) between the upper and lower surfaces and wherein 
at least one vane (107) is connected to the dynamic separation member (e.g. 106) adjacent 
the aperture, the at least one vane having a transverse surface facing upstream at to acute 
angle above the upper surface so that fluid mixture passing through the at least one 

1 5 aperture will be deflected upstream. 

2. The silencer of claim 1 , wherein the dynamic separation member (e.g. 106) 
in operation is generally horizontally disposed. 

20 3. The silencer of claim 1 or 2, wherein the at least one dynamic separation 

member (1 06) comprises at least one mesh pad. 

4. The silencer of any one of the preceding claims, further comprising a dam 
chamber (130) having a dam liquid-coolant in-flow port (134) fluidly connected to the 

25 liquid-coolant out-flow port (1 20) of the separation chamber (1 00), and a dam liquid- 
coolant out-flow port (135). 

5. The silencer of claim 4, wherein the dam liquid-coolant out-flow port (135) 
is disposed at a position that substantially maintains the level of the fluid mixture (22) in 

30 the separation chamber ( 1 00) in proximity to the dynamic separation member (e.g. 1 06) at 
, ^ne operating speed of the marine engine. 
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6. The silencer of claim 4, wherein the size of the dam liquid-coolant in-flow 
port (134) is selected so as to substantially maintain the level of the fluid mixture (22) in 
the separation chamber (100) in proximity to the dyneunic separation men^ber (e.g. 106 or 
1 16) at one operating speed of the marine engine. 

7. The silencer of any one of the preceding claims, further comprising at lest 
one resonator chamber (150) having a resonator dry-gas in-flow port (151) gaseously 
connected to the dry-gas out-flow port (114) of the separation chamber (100) and a 
resonator dry-gas out-flow port (153) for expelling dry gas (110). 

8. The silencer of claim 7, wherein the at least one resonator chamber (150) 
has at least one wall having at least one opening, the opening being in addition to the 
resonator dry-gas in-flow (151) and out-flow ports (153). 

9. The silencer of any one of claims 4 to 8, further comprising an expulsion 
chamber (1 70) having a dry-gas in-flow port (173) gaseously connected to the dry-gas out- 
flow (114) of the separation chamber (100), a liquid-coolEuit in-flow port (175) fluidly 
connected to the liquid-coolant out-flow port (135) of the dam chamber (130) and an 
expulsion port (178) through which the dry gas (110) and liquid coolant (1 12) are expelled. 

10. The silencer of claim 9, wherein the gaseous connection between the dry- 
gas in-flow port (173) of the expulsion chamber (170) and the dry-gas out-flow port (1 14) 
of the separation chamber (100) comprises at least one resonator chamber (150). 

15 11. The silencer of claim 10, wherein the at least one resonator chamber (1 50) 

is oriented at an angle traverse to the flow of dry gas (110) into the resonator dry-gas in- 
flow port (151) to impart an angular momentum to the dry gas (1 10) as it exits the 
resonator dry-gas out-flow port ( 1 53). 

30 12. The silencer of claim 1 1 , further comprising at least one baffle (171, 1 72) 

disposed within and fixedly connected to the expulsion chamber (170) to reduce loss of 
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angular momentum of the dry gas (1 1 0) as it swirls within the expulsion chamber (1 70). 

13. The silencer of any one of claims 4 to 8, further comprising an expulsion 
chamber (1 70) having a dry-gas in-flow port (1 73) gaseously connected to the dry-gas out- 
flow port (1 1 4) of the separation chamber ( 1 00), a liquid-coolant in-flow port ( 1 75) fluidly 
connected to the liquid-coolant out-flow port (135) of the dam chamber (130), a dry gas 
expulsion port (1 82) gaseously connected to the dry-gas in-flow port (1 73) of the expulsion 
chamber (170), and a liquid-coolant expulsion port (184) fluidly connected to the liquid- 
coolant in-flow port (1 75) of the expulsion chamber (1 70). 

14. The silencer of claim 13, wherein the gaseous connection between the dry- 
gas in-flow port (173) of the expulsion chamber (170) and the dry-gas out-flow port (1 14) 
of the separation chamber (100) comprises at least one resonator chamber (150). 
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15. A method for making a marine engine silencer including constructing^ in a 
silencer body (e.g,, 30), a separation chamber (100) having an in-flow port (26), (99) for 
receiving a fluid mixture (22) of marine engine exhaust gas (16) and a liquid coolant (10), a dry* 
gas out-flow port (1 14), a liquid-coolant out-flow port (120), and at least one dynamic separation 

S member (e.g., 106) within the separation chamber above the in-flow port (26), (99), below the 

dry-gas out-flow port (1 14) and above the liquid-coolant out-flow port (120), 

CHARACTERIZED BY: 

constructing the at least one dynamic separation member to have an upper surface and a 

lower surface, at least one aperture (108) between the upper and lower surfaces, and at least one 
10 vane (107), wherein the vane is disposed adjacent to the aperture, the at least one vane having a 

transverse surface facing upstream at an acute angle above the upper surface so that fluid mixture 

passing through the at least one aperture will be deflected upstream. 

1 6. The method of claim IS, further comprising the steps of: 

providing a mixing chamber (e.g., 24) for receiving the exhaust gas and the liquid 
1 5 coolant and mixing them; and 

providing a conduit (e.g., 24) for conveying the fluid mixture to the separation 
chamber. ..^^ 

17. A method for silencing marine engines, comprising the steps of receiving a fluid 
mixture (22) in a separation chamber (100) having an in-flow port (26), (99) for receiving the 

20 fluid mixture, the mixture thereby attaining a free surface level in the separation chamber (100), 
CHARACTERIZED BY: 

imposing at least one dynamic separation member (e.g., 106) in the separation chamber 
(100) to separate the fluid mixture (22) into dry gas (110) and liquid coolant (112), wherein the 
at least one dynamic separation member has an upper surface and a lower surface and at least 

25 one aperture (108) between the upper and lower surfaces, and wherein at least one vane (107) is 
connected to the dynamic separation member (e.g., 106) adjacent the aperture, the at least one 
vane having a transverse surface facing upstream at an acute angle above the upper surface so 
that fluid mixture passing through the at least one aperture will be deflected upstream; and 

introducing the fluid mixture below the dynamic separation member as the fluid mixture is 

30 received into the separation chamber through the in^flow port (26), (99). 

18. The method of claim 17, further comprising the step of regulating the free surface 
level of the fluid mixture (22). 
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1 9. A method for silencing marine engines by reducing the acoustic energy of 
marine engine exhaust gas (1 6), comprising the steps of mixing the exhaust gas (1 6) with a 
liquid coolant (lO), receiving the fluid mixture (22) in a separation chamber (100) having 
an in-flow port (26, 99) for receiving the fluid mixture, the mixture thereby attaining a free 
surface level in the separation chamber (1 00), characterised by: 

imposing at least one dynamic separation member (e.g. 106) roughly adjacent the 
free surface level, wherein the at least one dynamic separation member has an upper 
surface and a lower surface and at least one aperture (108) between the upper and lower 
surfaces, and wherein at least one vane (107) is connected to the dynamic separation 
member (e.g. 106) adjacent the aperture, the at least one vane having a transverse surface 
facing upstream at an acute angle above the upper surface so that fluid mixture passing 
through the at least one aperture will be deflected upstream; and 

introducing the fluid mixture below the dynamic separation member as the fluid 
mixture is received into the separation chamber through the in-flow port (26, 99). 

20. A marine engine silencer for reducing the acoustic energy of a fluid mixture 
of marine engine exhaust gas and a liquid coolant substantially as hereinbefore described 
with reference to the accompanying drawings. 

21. A method for making a marine engine silencer substantially as hereinbefore 
described with reference to the accompanying drawings. 

22. A method for silencing marine engines substantially as hereinbefore 
described with reference to the accompanying drawings. 

DATED this 8th day of October, 2001 
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